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CHAPTER  1 


INTRODUCTION 


1 . 1 Introduction 

This  technical  report  describes  the  series  of  tests  which  were 
conducted  at  the  United  States  Air  Force  Academy  to  gain  a better 
understanding  of  the  behavior  of  split-ring  shear  connectors  in  lami- 
nated wood  and  to  determine  the  strength  of  laminated  wood  bolts. 

Fifty  one  split-ring  shear  specimens  and  111  bolt  specimens  were 
tested  in  the  Department  of  Civil  Engineering,  Engineering  Mechanics 
and  Materials  laboratories. 

The  project  was  sponsored  by  the  TRESTLE  project  office  of  the 
Air  Force  Weapons  Laboratory  at  Kirtland  Air  Force  Base,  New  Mexico. 

All  materials  used  in  the  tests  were  selected  at  random  from  the  field 
construction  site  and  are  believed  to  adequately  represent  the  materials 
used  in  the  actual  construction  of  the  TRESTLE  structure. 

English  units  of  measure  are  used  exclusively  throughout  this 
report.  The  principle  reason  for  using  English  units  is  that  the 
materials  tested  are  conventional  items  used  in  the  construction  in- 
dustry and  are  sold  by  manufacturers  using  English  dimensions,  i.e.,  a 
4"  TECO  split-ring  shear  connector.  In  addition,  the  construction 
crews  use  instruments  calibrated  in  English  units  to  control  the  torque 
applied  to  the  bolts  tested  in  this  study. 

The  tests  conducted  in  this  study  were  for  the  most  part  per- 
formed in  accordance  with  the  American  Society  for  Testing  and  Materials 
established  procedures.  Some  deviations  from  these  proceduress 
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were  necessary  due  to  the  non-homogeneity  of  the  laminated  wood  materials 
tested.  Methods  for  placing  a given  torque  into  bolts  prior  to  testing 
in  tension  had  not  to  the  knowledge  of  the  author  been  established 
prior  to  these  tests.  Therefore,  it  is  believed  that  the  methods  speci- 
fied in  Chapter  2 of  this  report  are  unique  and  probably  the  first 
published. 

1 . 2 Background 

Heavy  timber  construction  frequently  requires  that  large  shear 
forces  be  transferred  between  the  structural  members.  In  many  instances, 
steel  split-ring  shear  connectors  have  been  used  in  conjunction  with 
gusset  plates  to  transfer  these  shear  forces.  Generally,  the  gusset 
plates  and  structural  members  are  mill-cut  timbers  having  standard 
nominal  sizes. 

With  the  advent  of  glued  laminated  timber,  structural  members 
can  be  fabricated  to  span  greater  distances  and  to  carry  significantly 
heavier  loads  than  standard  mill-cut  timbers.  When  constructing  facili- 
ties with  oversized  members,  special  consideration  must  be  given  to  the 
transfer  of  shear  forces  between  structural  elements. 

The  method  used  by  the  Air  Force  Weapons  Laboratory  in  the  con- 
struction of  a large  wood  test  platform  and  aircraft  approach  ramp  for 
the  TRESTLE  Project  consisted  of  glued  laminated  timber  truss  members 
with  specially  laminated  gusset  plates  in  conjunction  with  split-ring 
shear  connectors.  The  gusset  plates  were  fabricated  from  multiple 
layers  of  beech  wood  which  had  been  impregnated  under  vacuum  with  a 
special  synthetic  resin  and  then  densified  by  the  application  of  heat 
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The  objectives  of  this  project  were  two  fold.  The  first  objective 
was  to  develop  a more  complete  set  of  load-deformat  loti  curves  for  4-inch 
diameter  TECO  split-ring  connectors  in  laminated  wood  material.  The 
second  objective  was  to  investigate  the  strength  of  laminated  wood  bolts 
under  combined  tensile  and  torsional  stresses. 

P 

These  principal  objectives  were  further  divided  into  the  following 
| areas  of  importance.  i 

a.  Split-Ring  Shear  Tests 

1)  Average  Ultimate  Strength 

2)  Shape  of  Load-Deformation  Curve 

3)  Effect  of  End  Distance  on  Ultimate  Strength 

4)  Effect  of  Edge  Distance  on  Ultimate  Strength 

5)  Failure  Mechanism 

b.  Bolt  Tests 

1)  Average  Ultimate  Tensile  Strength 

. 

2)  Average  Ultimate  Torsional  Strength 

3)  Interaction  Diagram  Relating  Tensile  and 

Torsional  Strength 

4)  Effect  of  Moisture  on  the  Bolt  Strength 

5)  Failure  Mechanism 

. 
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CHAPTER  2 


■ • 


EXPERIMENTAL  PROCEDURES 

2 . L lest  ln^  Procedures  for  Split-Ring  Shear  Connectors 

The  American  Society  lor  Testing  and  Materials  has  an  established 
"Standard  Methods  tor  Testing  Metal  Fasteners  in  Wood,"  ASTM  D1761-68. 

For  the  most  part,  the  testing  procedures  used  in  tills  study  lollow 
those  of  the  ASTM.  The  following  paragraphs  discuss  any  deviations 
and  unique  requirements  included  In  the  testing  of  the  split-ring  shear 
connectors  in  laminated  wood  gusset  plates. 

Standard  beveled  4-inch  TECO  split-rings  were  used  as  the  shear 
connectors.  Bolt  holes  and  grooves  for  the  connectors  were  cut  using 
TECO  cutters.  Due  to  the  Increased  density  and  the  presence  of  heat- 
cured  resins,  carbide  cutting  tips  were  used  with  the  standard  TECO 
cutter . 

In  accordance  with  paragraph  23.3.1  of  ASTM  Dl7bl-t>8,  the  nuts  on 
the  bolts  wer.e  "linger  tight"  only.  Because  the  TRESTLE  Project  Involves 
the  testing  of  aircraft  electrical  systems  in  an  electromagnetic  environ- 
ment, laminated  wood  bolts  and  nuts  and  fiber  reinforced  plastic  washers 
were  used.  The  three  plates  and  the  split-ring  connectors  were  aligned 
and  properly  seated  by  pressing  them  together  in  a hydraulic  testing 
machine.  Then  the  bolt,  washers,  and  nuts  were  hand-assembled. 

Wood  which  has  been  impregnated  with  resin  and  then  heated  and 
densified  is  generally  considered  to  be  dimensionally  stable  and  not 
significantly  affected  by  local  changes  In  air  moisture  content.  For 
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tills  reason,  no  tests  were  made  for  wood  molstute  content  anil  no  controls 


were  placed  on  the  elapsed  time  between  specimen  preparation  and  (Inal 
testing.  However,  all  specimens  were  kept  In  the  same  laboratory  en- 
vironment until  final  testing. 

Kach  teat  specimen  consisted  of  three  plates  as  shown  In  Figure  .’-1. 
because  the  ends  of  the  gusset  plates  in  the  actual  structure  do  not  have 
confining  forces,  the  two  outside  plates  (representing  the  gusset  plates) 
were  partially  supported  at  the  bottom  to  allow  the  area  below  the  split- 
ting core  to  freely  shear  upon  reaching  ultimate  load.  The  center  plate 
was  loaded  In  compression.  The  split-ring  connectors  were  located  near 
the  bottom  ot  the  center  drive  plate,  thereby  leaving  more  material  be- 
tween the  split-ring  and  the  loading  surface,  and  Insuring  that  failure 
occurred  in  the  two  outside  plates.  Specimens  were  cut  from  larger  plates 
ot  laminated  material  with  the  surface  grain  of  the  wood  oriented  at  o'  , 
s >",  or  90°  to  the  direction  of  loading. 

Deformat  Ions  were  measured  on  both  aides  of  the  teat  specimens  using 
dial  indicators  with  a resolution  of  0.001  Inch.  The  amount  ot  slip  or 
deformation  in  the  joint  between  each  ot  the  side  plates  and  the  cen- 
ter plate  was  measured  from  the  beginning  of  the  application  of  load 
as  opposed  to  setting  the  dials  to  Kero  at  some  spec  Hied  Initial  load. 

The  rate  of  loading  was  established  using  the  ASTM  guidelines  tor 
conducting  each  test  so  as  to  achieve  maximum  load  In  about  10  minutes, 
but  not  less  than  5 or  more  than  20  minutes,  as  the  more  Important  cri- 
teria than  the  ASTM  specified  load  rate  of  0,0-15  in/mln  t 50  percent. 
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A load  rate  of  0.016  in/mln  was  selected.  Fills  rate  provided  sufficient 
time  for  accurately  recording  deformation  data  and  for  completing  each 
test  within  10  to  12  minutes  ol  elapsed  time. 


Figure  2-1.  Test  Specimen 

Three  persons  were  required  to  properly  record  the  test  data.  Two 
individuals  read  and  recorded  Lhe  deformation  data  and  the  third  individual 
served  as  test  leader,  machine  operator,  and  recorder  of  load  data.  During 
the  initial  stages  of  each  load  test,  data  was  recorded  for  each  4000-pound 
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load  increment.  As  the  failure  load  was  approached,  the  load  increment 
was  reduced  to  2000  pounds.  In  addition,  as  cracks  in  the  specimen  and 
changes  In  applied  load  occurred,  special  intermediate  load  and  deforma- 
tion readings  were  recorded.  Upon  completion  of  each  test,  the  deforma- 
tion data  from  the  two  dial  gages  were  averaged.  In  addition,  the  applied 
load  data  was  adjusted  in  accordance  with  the  most  recent  calibration 
curve  lor  the  universal  testing  machine. 

2.2  Test  lug  Procedures  for  Bolts 

Three  basic  but  separate  tests  were  used  as  part  of  this  program 
to  obtain  tensile  strength,  torsional  strength  and  combined  tensile 
and  torsional  strength  of  bolts.  To  establish  the  tensile  strength, 
a universal  tensile  testing  machine  was  used.  Because  it  appeared 
desirable  to  test  the  full  length  bolt  and  it  was  not  possible  to 
use  the  standard  specimen  holders  on  the  machine,  the  bolts  were 
extended  through  the  heads  of  the  machine,  nuts  placed  on  the  bolts 
and  the  tensile  load  applied.  A special  block  of  laminated  wood  was 
used  to  provide  a smooth  bearing  area  for  the  laminated  wood  nuts. 

Torsional  strength  was  established  by  placing  the  holt  in  a holder 
as  shown  in  Figure  2-2.  Two  full  thickness  nuts  were  attached  to  each 
end  of  the  bolt  with  sufficient  space  between  the  holt  holder  and  the 
nuts  to  permit  free  rotation.  One  end  of  the  bolt  was  held  with  a wrench 
and  the  other  end  was  turned  with  a calibrated  torque  wrench  until 
failure.  The  torque  wrench  consisted  of  a solid  steel  bar  to  which  four 
strain  gages  had  been  applied.  The  output  from  these  gages  was  ted 
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to  a strip  chart  recorder  where  the  output  was  recorded  In  millivolts. 
The  peak  output  was  then  used  along  with  the  calibration  curve  shown  in 
Figure  2-3  to  establish  the  maximum  applied  torque. 


Figure  2-2.  Torsion  Testing  Equipment 


Two  types  of  combined  tension  and  torque  tests  were  conducted.  The 
first  testing  procedure  consisted  of  placing  a bolt  in  the  tensile  machine, 
placing  two  full  nuts  on  each  end  and  then  placing  a set  torque  in  the 
bolt  with  the  elect  conically  calibrated  torque  wrench.  The  bolt  was 
then  pulled  with  the  tensile  testing  machine  until  failure  occurred. 

The  results  of  these  tests  were  used  to  draw  the  Interaction  diagram. 

In  the  second  testing  procedure,  the  bolts  were  placed  In  the 
tensile  testing  machine  with  only  one  full  nut  on  each  end.  These 
nuts  were  tightened  with  the  torque  wrench  against  the  head  of  the 
tensile  testing  machine  until  failure  occurred  In  the  bolt.  At  the 
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time  of  failure,  the  tensile  load  was  recorded  on  the  tensile  machine 
and  the  torque  recorded  on  the  strip  chart  recorder.  Plastic  washers 
were  placed  between  the  nuts  and  the  heads  of  the  tensile  machine  to 
reduce  friction  during  the  torquing  operations. 

The  rate  of  loading  for  all  tests  involving  tension  was  adjusted 
to  require  approximately  10  minutes  to  develop  failure  in  the  bolt 
specimen.  For  tests  involving  pure  torsion,  the  loading  rate  was 
adjusted  to  require  approximately  2 minutes  to  fail  the  bolt.  The 
change  in  length  of  approximately  one  half  of  the  tension  specimens 
was  estimated  by  measuring  the  total  quantity  of  loading  head  move- 
ment . It  was  not  considered  accurate  to  measure  a small  gage  length 
as  failure  almost  always  occurred  at  the  end  of  the  specimen. 
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CHAPTER  3 
TEST  SPECIMENS 


3. 1 Split-Ring  Shear  Connectors  In  Laminated  Wood  Gasset  Plates 

All  test  specimens  were  fabricated  from  laminated  wood  material  having 
a nominal  thickness  of  2.25  inches.  The  direction  of  the  grain  of  the  wood 
in  each  layer  was  alternated  by  the  manufacturer  in  the  fabrication  process. 
A total  of  51  test  specimens  were  fabricated  with  varying  end  and  edge 
distances  and  with  varying  surface  grain  orientations  with  respect  to 
the  direction  of  the  applied  load.  Complete  dimensions  of  all  test 


specimens  are  presented  in  Table  3-1.  Figure  3-1  defines  end  and  edge 
distance  as  used  in  this  series  of  tests. 

Table  3-1 

Test  Specimens  With  Split-Ring  Shear  Connectors 


Specimen  No. 


1-5 

6-10 

11-15 

16-20 

21-22 

23-24 

25-26 

27-28 

29-30 

31-32 

33-34 

35-36 

37-41 

42-46 

47-51 


Length 

(in) 

Width 

(in) 

5.5 

11.5 

5.5 

11.5 

5.5 

11.5 

5.5 

11.5 

5.5 

11:5 

5.5 

11.5 

5.5 

11.5 

5.5 

11.5 

5.5 

11.5 

5.5 

11.5 

5.5 

10.125  6.0 

10.125  7.0 

10.125  8.0 

1 

Surface  Grain 


End  Distance 
(in) 

Edge  Distance 
(in) 

Oriented 

To  Applied  Load 

2.75 

90° 

2.75 

90° 

2.75 

90° 

4.0 

2.75 

90° 

2.5 

2.75 

0° 

3.0 

2.75 

0° 

3.5 

2.75 

0° 

4.0 

2.75 

0° 

2.5 

2.75 

45° 

3.0 

2.75 

45° 

3.5 

2.75 

45° 

4.0 

2.75 

45° 

4.0 

3.0 

90° 

4.0 

3.5 

90° 

4.0 

4.0 

90° 

3- 
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Each  specimen  was  prepared  by  drilling  a 0.78125  inch  hole  and  cutting 
0.5  inch  deep  circular  grooves  4 inches  in  diameter  at  the  proper  location. 
A TECO  cutter  with  carbide  tips  was  used  to  insure  a proper  fit  for  the 
steel  split-ring.  Careful  inspection  of  the  test  specimens  indicated 
that  the  last  layer  of  wood  cut  by  the  TECO  cutter  had  a grain  orientation 
perpendicular  to  the  surface  grain. 

Once  the  specimens  had  been  cut,  the  steel  split-ring  shear  connectors 
were  placed  in  the  grooves  and  properly  seated  by  pressing  the  laminated 
wood  blocks  together  in  a hydraulic  universal  testing  machine.  Following 
this  operation,  each  specimen  was  bolted  together  with  a 0.75  inch  diameter 
laminated  wood  bolt.  Laminated  wood  nuts  used  to  secure  the  bolts  in 
place  were  approximately  1.25  inches  square  and  1.125  inches  thick.  Fiber 
reinforced  plastic  washers  were  used  to  separate  the  nuts  from  the  side 
plates.  These  washers  were  3.0  inches  square  and  .018  inches  thick  with 
a 0.85  inch  diameter  bolt  hole  at  the  center. 

3 . 2 Laminated  Wood  Bolts  and  Nuts 

Approximately  120  0.75  inch  diameter  EH57  PERMAL1  laminated  full 

thread  bolts  were  selected  at  random  from  the  large  stockpile  at  the 

project  site.  The  bolts  were  31  inches  in  length.  Sufficient  wood  nuts 

were  selected  at  random  to  provide  unused  materials  for  each  test.  Prior 

to  testing,  manufacturers  published  literature  was  obtained  which  suggested 

an  ultimate  tensile  strength  of  5500  lb  for  fully  threaded  rod  or  bolts 

and  an  ultimate  torsional  strength  of  31  ft  lb.  This  torsional  strength 

3 

was  calculated  from  the  following  equation:  = 4500  psi  (0.196  d ) 

where  d equals  the  maximum  diameter.  If  the  thread  root  diameter  of 
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.62  Inches  Is  used,  the  ultimate  torsional  strength  is  reduced  to  17.5  ft  lb. 
Therefore,  one  would  expect  the  average  torsional  strength  to  be  somewhere 
between  these  limits. 

According  to  the  manufacturers  literature,  the  ultimate  tensile  strength 
of  the  core  material  will  usually  exceed  the  shear  strength  of  the  threads. 
This  may  be  assessed  on  the  calculated  area  nDL  of  the  cylinder  at  the 
base  of  the  thread  which  will  be  sheared  when  the  nut  is  pulled  off.  For 
0.75  inch  diameter  bolts,  the  manufacturers  literature  indicated  that  an 
ultimate  shear  strength  of  2500  psi  should  be  used.  The  ultimate  load 
capacity  for  a full  and  a half  nut  is  2500  x n x .62  (.63  + 1.13)  = 8603  lb. 
The  manufacturer  also  states  that  for  most  applications,  a nut  thickness 
(L)  of  1 1/2  D should  be  sufficient  to  develop  the  tensile  strength  of 
the  bolt.  The  manufacturers  literature  is  attached  as  Appendix  A to  this 
report . 
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CHAPTER  4 


TEST  RESULTS 

A.l  Shear  Strength  of  Split-Ring  Connectors  in  Laminated  Gusset  Plates 

Each  specimen  was  tested  to  failure.  Failure,  as  used  here,  means 
that  the  core  of  wood  within  the  split-ring  had  sheared,  the  wood  outside 
and  below  the  ring  had  sheared,  cracking  was  very  obvious  and,  most  im- 
portantly, the  load  carrying  capacity  of  the  joint  was  rapidly  decreasing. 

In  most  tests,  the  wood  bolt  was  not  failed  as  the  split-ring  connector 
had  distorted  significantly  and  the  laminated  wood  had  developed  large 
cracks . 

After  removing  each  specimen  from  the  test  device,  it  was  disassembled, 
the  depth  of  failure  plane  measured  from  the  inside  face  of  each  outer 
plate,  and  a general  description  of  each  failure  plane  was  recorded. 

Typical  descriptions  of  the  failure  are  tabulated  in  Appendix  15.  The 
failures  which  accompanied  the  ultimate  load  consisted  of  shear  along  a 
vertical  plane  of  the  core  area  within  each  of  the  two  split-ring  con- 
nectors. Continued  loading  produced  a shearing  along  the  laminations 
below  the  core  area,  accompanied  by  an  end  or  edge  split.  Figures  4-1, 

■*-2  and  4-3  depict  the  general  appearance  of  the  failure  surfaces. 

Load-deformation  data  was  plotted  for  each  test.  A typical  curve 
is  shown  in  Figure  4-4.  The  full  set  of  data  curves  for  each  specimen, 
and  the  consolidated  best-fit  5th  order  polynomial  curves  Cor  each  end 
distance  and  surface  grain  orientation,  are  shown  in  Appendices  C and  D, 
respectively.  A graphical  comparison  of  load  vs  deformation  for  end 
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distances  for  each  surface  grain  orientation  is  presented  in  Figures  4-5, 
4-6  and  4-7.  A full  set  of  data  for  each  specimen  with  specific  edge 
distance  are  shown  in  Appendix  E.  Consolidated  best-fit  5th  order  poly- 
nominal  curves  for  each  edge  distance  are  displayed  in  Appendix  F,  A 
graphical  comparison  of  load  vs  deformation  for  edge  distance  is  pre- 
sented in  Figure  4-8. 

4.2  Tensile  and  Torsional  Strength  of  Laminated  Wood  Bolts 

Twenty  bolt  specimens  were  tested  to  failure  in  a universal  test- 
ing machine.  All  bolt  specimens  had  two  full  thickness  nuts  on  each 
end.  The  test  results  are  tabulated  in  Table  4-1. 

The  average  tensile  strength  is  5193  lb  with  a standard  deviation 
of  439  lb.  An  average  change  in  length  for  6 of  the  specimens  is  .226  in. 
All  of  the  tension  specimens  failed  by  rupture  at  the  edge  of  the  nuts 
or  by  stripping  the  threads  from  the  bolt. 

Figures  4-9  and  4-10  depict  examples  of  tension  failures.  It  was 
observed  during  the  tension  testing  that  the  nuts  did  not  fit  the  bolts 
tightly  and  in  several  failures,  it  appeared  that  the  threads  failed  at 
a point  less  than  full  depth  of  thread.  This  is  shown  quite  clearly  on 


specimens  17  and  19  in  Figure  4-11. 
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Table  4-1  Tension  Data 


Tension  Specimen  No. 

Length 

(in) 

Ultimate  Load 
(lb) 

Change  in  Length 
(in) 

1 

26 

5050 

— 

2 

31 

4850 

— 

3 

,1 

5400 

— 

4 

31 

5950 

— 

5 

31 

6050 

— 

6 

31 

5250 

— 

7 

31 

5950 

— 

8 

31 

4850 

— 

9 

15  1/2 

5100 

— 

10 

15  1/2 

5100 

— 

11 

15  1/2 

4900 

— 

12 

15  1/2 

5125 

— 

13 

15  1/2 

5425 

— 

14 

14 

4875 

— 

15 

31 

4655 

0.22 

16 

31 

4715 

0.242 

17 

31 

4965 

0.213 

18 

31 

5820 

0.235 

19 

31 

4530 

0.188 

20 

31 

5295 

0.259 

Fig  4-11:  Tension  Failures.  Note: 
specimens  17  and  19  show  that  the 
threads  failed  at  a position  less 
than  at  full  depth. 

Ten  bolts  were  tested  in  pure  torsion.  The  results  are  tabulated 
in  Table  4-2. 


Table  4-2  Pure  Torsion  Data 


Torsion  Specimen  No. 

Ultimate  Torque  (ft  lb) 

1 

27.7 

") 

30.5 

3 

27.0 

4 

22.4 

S 

39.0 

6 

30.5 

7 

26.9 

8 

36.0 

9 

22.3 

10 

40.8 
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The  average  torsion  strength  is  JO. 3 ft-ib  and  the  standard  deviation 
is  6.1  ft-lb.  Figures  4-12  and  4-13  show  typical  torsion  failures.  Failures 
occurred  in  the  torsion  specimens  when  the  laminated  layers  of  wood 


Fig  4-12:  Torsion  Failures.  Specimens  7,8,9 
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Fig  4-13:  Torsion  Failures.  Specimens  4,5,6  and  10 

separated  along  the  laminations.  Only  upon  continued  twisting  was  it 
possible  to  rupture  the  wood  fibers.  in  all  cases,  failure  occurred 
approximately  midway  along  the  bolt.  Specimen  2 was  the  only  bolt  to 
fail  by  shear  failure  in  the  threads.  This  was  probably  caused  by 
excessive  relative  motion  of  the  nuts  on  the  bolt. 

Upon  completion  of  the  testing  of  specimens  under  pure  tensile 
and  torsional  loads,  six  bolts  were  tested  in  a manner  believed  to  be 
representative  of  field  installation.  Bolt  specimens  were  installed 
in  the  tensile  testing  machine  and  only  one  nut  was  applied  to  each  end. 
These  nuts  were  then  tightened  until  failure  occurred.  At  failure,  the 
results  shown  in  Table  4-3  were  recorded. 
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Table  4-3  Special  Test  of  Tension 
Induced  by  Torque 


Specimen  No. 


Maximum  Torque  (ft  lb)  Maximum  Tension  (lb) 


The  average  torque  applied  was  38.6  ft-lb  and  the  average  tension 
force  developed  was  2298  lb.  Standard  deviations  of  9.3  ft-lb  and  353  ib 
were  calculated. 

During  these  tests  it  was  observed  that  when  the  torque  neared  its 
ultimate  value,  sufficient  friction  was  developed  between  the  threads 
on  the  bolt  and  in  the  nut  to  cause  the  two  to  freeze.  When  this  occurred, 
all  torque  applied  to  the  nut  went  directly  to  overcome  the  unknown  amount 
of  friction  between  the  nut  and  the  testing  machine  surface  and  to  twist  the 
bolt.  This  conclusion  is  based  on  the  fact  that  if  just  prior  to  failure 
the  torque  was  released  on  the  nut,  the  twist  in  the  bolt  would  cause 
the  bolt  to  rotate  in  a direction  opposite  to  the  direction  of  previously 
applied  torque.  It  was  further  observed  that  it  was  necessary  to  apply 
a torque  of  6 to  10  ft-lb  to  begin  retwisting  the  bolt. 

It  can  be  observed  in  Figures  4-14  and  4-15  that  the  bolts  failed  in 
a manner  very  similar  to  that  of  pure  torsion.  Furthermore,  all  failures 
occurred  near  the  raidd.e  of  the  full  length  bolts. 
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Fig  4-15:  Special  Tests.  Tension  Induced 


by  Tightening  of  Bolts.  Specimens  4-6 


occurred.  Forty  nine  specimens  were  tested  to  provide  a reasonable 
quantity  of  data  to  establish  the  interaction  diagram.  In  these  tests 
it  was  necessary  to  hold  the  torque  on  the  bolt  until  a minimum  level 
of  tension  was  developed  in  the  bolt.  The  normal  force  of  the  loading 
head  of  the  tension  machine  had  to  be.  sufficiently  large  to  develop 
an  adequate  friction  force  between  the  nuts  on  the  bolt  and  the  loading 
head  to  prevent  the  bolt  from  untwisting  and  thereby  reducing  the  applied 
torque.  These  test  results  are  presented  in  Table  4-4  on  the  following 
page. 

After  grouping  the  test  results  corresponding  to  a specific  level  of 
applied  torque,  the  results  in  Table  4-5  are  obtained. 

Table  4-5  Average  Levels  of  Performance  for 
Tension  With  Induced  Torque 


Applied  Torque 
(ft  lb) 

pul  t 
(lb) 

* 

Standard  Deviation 

(lb) 

* 

Average  Change 
in  Length 
(in) 

Percent  of 

Specimens  Failing 
in  Pure  Torque 

11.09 

4902 

800 

.231 

0 

16.64 

4790 

719 

.235 

0 

22.18 

4902 

692 

.205 

26.7% 

27.73 

4898 

434 

.225 

66.7% 

‘Values  are  for  specimens  actually  reaching  an  ultimate  tensile  load. 


Typical  examples  of  failure  surfaces  are  shown  in  Figures  4-16, 
4-17,  4-18  and  4-19  for  the  indicated  levels  of  applied  torque. 
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Table  4-4  Tension  With  Induced  Torque 


Applied  Torque 

p 

Torque  Released  ult  Change 

in 

Specimen  No. 

(ft  lb) 

at  P = 

(lb) 

Length 

(in) 

1 

11.09 

1 000 

5410 

-- 

2 

16.64 

2000 

4500 

-- 

3 

22.18 

2500 

5334 

-- 

4 

'•5  51 

Trying 

to 

develop  T = 

27.73 

ft 

lb  ) 

Fai led 

in 

Pure  Torque 

5 

■>4  4() 

Trying 

to  develop  T = 

27.73 

ft 

lb 

Failed 

in 

Pure  Torque 

6 

19.96 

Trying 

to  develop  T = 

22.18 

ft 

lb 

Failed 

in 

Pure  Torque 

7 

22.  18 

2500 

4175 

-- 

8 

24.40 

Trying 
Fai led 

to 

in 

develop  T = 
Pure  Torque 

27.73 

ft 

lb 

9 

22.18 

2500 

4145 

-- 

1 

10 

19.96 

Trying 

to 

develop  T = 

22.18 

ft 

lb 

Failed 

in 

Pure  Torque 

| 

1 1 

22.18 

2500 

4090 

-- 

12 

Test  machine 

mal  fund  ioned 

- data  lost 

13 

1 l . 09 

1500 

5350 

-- 

14 

11.09 

1500 

5080 

-- 

1 

15 

11.09 

1500 

5355 

-- 

16 

1 1 . 09 

1500 

4 1 90 

-- 

17 

1 1 . 09 

1500 

3910 

0.22 

18 

11.09 

1500 

5750 

0.242 

19 

11.09 

1500 

3350 

0.224 

20 

16.64 

1500 

6190 

0.262 

21 

16.64 

1500 

3840 

0.  19 

i 'y 
£ - 

16.64 

1500 

3980 

0.197 

23 

16.64 

1500 

5795 

0.234 

1 

24 

16.64 

1500 

4515 

0.234 

25 

16.64 

1500 

4740 

0.240 

1 

I ' 
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Table  4-4  Tension  With  Induced  Torque  (Cont'd) 


Specimen  No. 

Applied  Torque 
(ft  lb) 

Torque  Released 
at  P = 

Pult 

(lb) 

Change 

Length 

26 

16.64 

1500 

4670 

0.230 

27 

16.64 

1500 

5310 

0.244 

28 

16.64 

1500 

4355 

0.287 

29 

1 1 . 09 

1 500 

4695 

0.215 

30 

1 1 . 09 

1500 

5925 

0.255 

51 

1 8 . 30 

Trying 

Failed 

to 

i n 

develop  T = 
Pure  Torque 

22.18 

ft 

lb 

32 

22.18 

2000 

4185 

0.192 

33 

22.18 

2000 

5S60 

0.251 

34 

27.17 

Trying 
Fai led 

to 

in 

develop  T = 
Pure  Torque 

27.73 

ft 

lb 

35 

22.18 

2000 

5600 

0.223 

36 

22.  18 

2500 

4315 

-- 

37 

22.18 

4000 

5825 

0.192 

38 

21.07 

Trying 
Fai led 

to 

in 

develop  T = 
Pure  Torque 

22.18 

ft 

lb 

39 

22. 18 

4000 

5305 

0. 191 

40 

22.  18 

4000 

5090 

0.  18 

41 

22.74 

Trying 
Fai led 

to 

in 

develop  T = 
Pure  Torque 

27.73 

ft 

lb 

42 

27.73 

4000 

4795 

0.235 

43 

17.19 

Trying 
Fa i 1 ed 

to 

in 

develop  T = 
Pure  Torque 

27.73 

ft 

lb 

44 

27.73 

4000 

5520 

0.253 

45 

27.73 

Fai led 

in 

Pure  Torque 

46 

28.28 

Trying 
Fa i 1 ed 

to 

in 

develop  T = 
Pure  Torque 

30  ft 

lb 

47 

27.73 

4000 
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Fig  4-17:  Tension  Failure  of  Specimens 
With  Initial  Torque  of  16.64  ft-lb 
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4 . 3 Moisture  Absorption  of  Laminated  Wood  Bolts  and  Nuts 

Twenty  six  bolts  were  selected  at  random  for  moisture  absorption 
and  strength  testing.  Sixteen  bolts  and  ten  full  and  half  nuts  were 
placed  in  water  for  varying  lengths  of  time  prior  to  testing.  The  re- 
maining ten  bolts  and  nuts  were  placed  in  a moist  room  (approximate  100% 
relative  humidity)  for  approximately  30  days.  The  bolts  and  nuts  in  the 
moist  room  were  weighed  regularly  to  determine  the  quantity  of  water 
absorbed.  On  the  28th  day,  five  bolt  specimens  were  tested  in  tension 
and  five  bolt  specimens  were  tested  in  torsion.  The  nuts  were  permitted 
to  air  dry  to  determine  if  cracking  and  delamination  would  occur.  The 
nuts  could  not  be  fitted  to  the  bolts  as  they  had  absorbed  sufficient 
water  and  swelled,  reducing  the  inside  diameter  of  the  threads.  Tables 
4-6  through  4-10  present  the  test  data. 

Table  4-6  Moisture  Absorption  by  Full  Length  Bolts 

Specimen  Dry  Weight! Weight  Gain  (grams) 

No.  (grams)  IDayj 2 Days!  5Days| SDaysJ  12Days| 16Days|  20Days|  2SDays 


243.1 

238.1 
238.9 

237.1 


2.8  3.7  5.5 


8.6  10.4 


ter 


2.8  3.8  5.7  6.8  8.8  10.7  11.6  13.2 


2.0  3.2  5.1  6.2 

1.9  3.5  5.4  6.7 


9.2  10.0  11.9 
9.7  10.7  12.9 


239.4  1.7  2.8  4.7  6.1  7.7  8.9  9.8  11.4 

234. .0  1.9  3.3  4.9  6.4  7.9  9.6  10.6  12.4 

236.4  2.1  3.2  5.0  6.3  8.0  9.5  10.2  12.5 


236.4 

230.0 

235.2 

237.2 


3.0  4.3  6.1  S . 2 10.0  12.0  12.4  18.5 
2.4  4.0  6.0  7.5  9.0  10.9  11.1  12.9 
2.6  3.8  6.2  7.6  9.7  11.2  12.1  14.3 


Avg  Weigjit  236.9  2.3  3.6  5.5  6.9  8.6  10.2  11.0  13.2 

Gain 


Table  4-7  Moisture  Absorption  by  Full  Nuts 


Specimen 

Ory  Weight 

Weight  Gain  (grams) 

No. 

(grams) 

10ay 

2 Days 

1 8 Days 

12Days 

16Days 

j 20Days 

33Days 

1 

28.55 

.27 

.33 

.54 

.8 

1 . 14 

1.44 

2.63 

2 

29.35 

.20 

.28 

.45 

.64 

.73 

.84 

1.68 

3 

28.29 

.21 

.26 

.46 

.65 

.84 

.96 

1 .18 

1 . 79 

4 

28.62 

.18 

.24 

.57 

.49 

.68 

.75 

.88 

1.37 

5 

29.  OS 

.19 

.25 

.55 

.85 

1 . 00 

.94 

1.35 

2.31 

6 

29 . 66 

.17 

.21 

.34 

.49 

. 64 

.70 

. 78 

1 . 33 

7 

26.95 

.21 

.37 

.71 

1.06 

1.58 

1.75 

2.03 

3.04 

8 

29.22 

. 17 

■ 

.48 

.67 

.91 

.99 

1.21 

2.10 

9 

29.24 

. 18 

.50 

.69 

.88 

1.06 

1.15 

1.93 

10 

28.01 

.17 

S3 

.64 

.89 

1.03 

1.18 

1.37 

2.20 

Avg  Weigl 
Gain  J 

ht  28.70 

.20 

.28 

.50 

.72 

.94 

1.06 

1.26 

2.04 

Table  4-8  Moisture  Absorption  by  Half  Nuts 
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CHAPTER  5 


DISCUSSION 

5 . 1 Shear  Strength  of  Split-Rings  In  Laminated  Wood  Gusset  Plates 

The  end  distance,  or  distance  between  the  center  of  the  bolt  hole 
and  the  end  of  the  outer  plate,  had  a considerable  and  well-defined 
influence  on  the  behavior  of  the  joint.  An  evaluation  of  the  magnitude 
of  this  influence  can  best  be  made  using  Figure  4-5,  which  is  the 
"Load-Deformation  Results  by  Varying  End  Distance"  graph  for  the  per- 
pendicular surface  grain  orientation.  Recall  that  five  specimens 
were  tested  to  determine  each  of  the  four  curves  depicted  in  this 
figure. 

The  curves  in  Figure  4-5  illustrate  the  central  tendency  of  be- 
havior between  load  and  deformation  for  varying  end  distances  and  do 
not  reflect  the  test  behavior  of  an  individual  specimen.  Typically, 
an  individual  specimen,  as  can  be  seen  in  the  individual  data  curves 
of  Appendix  C,  exhibited  a saw-toothed  pattern  of  load  reduction  with 
increasing  deformation.  A loud  cracking  sound  was  observed  as  most 
test  specimens  reached  ultimate  load,  followed  by  a load  reduction 
with  increasing  deformation.  Several  tests  were  terminated  after  the 
loud  cracking  sound  and  it  was  found  that  only  the  core  area  within 
the  split-ring  had  failed.  Hence  it  is  estimated  that  the  ultimate 
strength  coincides  with  the  failure  of  this  core  area.  Occasionally , 
a load  drop  accompanied  a minor  failure  before  the  ultimate  load  was 
reached,  and  a small  cracking  sound  was  noticeable  when  this  happened. 
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The  curves  in  Figure  4-5  are  not  intended  to  illustrate  behavior  past 
ultimate,  since  this  region  is  of  little  practical  value.  They  merely 
substantiate  that  there  is  no  effective  load  gain  past  ultimate. 

There  is  relative  unpredictability  in  the  load-reduction  pattern  past 
ultimate. 

None  of  the  curves,  individual  or  consolidated,  exhibit  a well- 
defined  proportional  limit.  This  is  understandable  considering  the 
non-linear  nature  of  the  laminated  wood  material.  As  anticipated,  the 
ultimate  load  increased  as  the  end  distances  increased.  Since  the 
ultimate  loads  for  the  3.5  inch  and  4 inch  end  distance  specimens 
were  approximately  the  same,  a constant  ultimate  load  is  suggested 
past  an  end  distance  of  3.5  inches.  The  curves  of  Figure  4-5  also 
exhibit  approximately  the  same  initial  load-detormat ion  relationship 
up  to  about  25  Kips. 

After  evaluating  the  consolidated  curves  of  Figures  4-6  and  4-7 
up  to  the  ultimate  value  of  load,  it  becomes  apparent  that  there  is 
little  difference  in  the  load-deformation  relationship  for  the  perpen- 
dicular, parallel,  or  45-degree  orientations  to  the  direction  of  load- 
ing for  a given  end  distance.  This  is  39  anticipated,  due  to  the 
cross-lamination  of  the  PERMALI  plates.  As  previously  noted,  little 
can  be  predicted  past  the  ultimate  value. 

The  failed  surfaces  of  each  of  the  two  core  areas  revealed  that 
852  of  the  failure  planes  occurred  in  the  outer  plate  at  a depth  of 
0.15  to  0.35  inches  measured  from  the  inside  face  of  the  outer  plates, 
or  at  about  half  the  seating  depth  of  the  split-ring  connector. 
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Approximately  10%  of  the  failure  planes  occurred  between  0.35  to  0.50 
inches,  or  closer  to  the  full  seating  depth  of  the  rings  in  the  outer 
plates.  Almost  5%  of  the  failure  planes  occurred  within  the  driver 
block  core  area,  Figure  3-1. 

Regarding  the  appearance  of  the  sheared  core  areas,  over  73%  of 
the  failure  planes  occurred  cleanly  between  the  laminations  without 
obvious  splintering  of  the  beech  layer.  Of  the  27%  which  sheared 
across  laminations,  23%  sheared  across  one  lamination,  and  4%  across 
two  laminations.  There  was  no  noticeable  correlation  between  the 
ultimate  load  and  the  location  or  appearance  of  the  sheared  core 
areas.  Thus,  the  failure  planes  seemed  to  occur  along  the  weakest 
lamination  interface  near  mid-seating  depth  of  the  split-ring  con- 
nector in  the  outer  plates. 

As  mentioned  earlier,  the  wood  used  to  manufacture  the  PERMALI 
plates  was  highly  densified  and  impregnated  with  resins.  This  ob- 
viously increased  the  stiffness  characteristics  of  the  wood  and  also 
caused  it  to  behave  as  a brittle  material.  As  a result,  it  was  mean- 
ingless to  carry  the  laboratory  tests  beyond  0.15  inches  of  deflection 
although  the  ASTM  requires  0.60  inches  of  deflection. 

Failure  of  bolts  warrant  little  mention  since  they  could  only  be 
failed  long  after  ultimate  load  value  was  reached  and  after  the  area 
beneath  the  core  area  had  sheared.  Had  the  bolts  been  torqued  past 
"hand-tight"  or  "snug",  a different  result  might  have  occurred  from 
bulging  (or  spreading)  of  the  specimens  at  the  connectors  after  reaching 
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ultimate  strength.  There  was  no  noticeable  bulging  of  the  specimens  at 
the  connectors  before  ultimate. 

It  should  be  pointed  out  that  the  ultimate  load  carried  by  each  test 
specimen  was  in  reality  supported  by  two  split-rings.  Therefore,  the 
capacity  of  one  split-ring  connector  is  one  half  of  that  shown  on  the 
data  plots.  In  addition,  this  ultimate  load  must  be  reduced  by  the  con- 
ventional capacity  reduction  factor  of  1.65  to  correct  for  the  effects  of 
load  duration  in  wood.  These  values  are  shown  in  Table  5-1. 


Table  5-1 

Average  Ultimate  Load 


End  Distance 

Orientation  of 

Load  to  Face  Grain 

Ultimate  Load  (Uncorrected) 

2 1/2" 

o 

o 

O' 

18  kips/ring 

3" 

90° 

24 

3 1/2" 

90° 

30 

4" 

90° 

31 

2 1/2" 

0° 

25 

3" 

0° 

27 

3 1/2" 

0° 

26 

4" 

0° 

31 

2 1/2" 

45° 

22 

3" 

45° 

25 

3 1/2" 

45° 

32 

4" 

45° 

33 

Cdge  distance,  or  the  distance  between  the  center  of  the  bolt  and 
the  edge  of  the  outer  plates,  had  an  influence  on  the  behavior  of  the 
joint  similar  to  that  experienced  during  tests  using  end  distance  as 


J 
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the  variable  under  study.  As  anticipated,  the  ultimate  load  increased 


as  the  edge  distances  increased.  Since  the  ultimate  loads  for  the  3.5 
inch  and  4 inch  edge  distance  specimens  were  approximately  the  same, 
a constant  ultimate  load  is  suggested  past  a 3.5  inch  edge  distance 
for  a given  end  distance  of  4 inches.  The  curves  of  Figure  4-8  also 
exhibit  approximately  the  same  initial  load-deformation  relationship 
up  to  about  55  Kips. 

The  failures  which  accompanied  the  ultimate  load  for  all  edge 
distances  tested  was  essentially  the  same  experienced  in  the  test 
specimens  with  variable  end  distances.  The  failed  surface  of  each 
of  the  two  core  areas  revealed  that  85%  of  the  failure  planes  occurred 
in  the  outer  plates  at  a depth  of  0.15  to  0.30  inches  measured  from 
the  inside  face  of  the  outer  plates,  or  at  about  half  the  seating 
depth  of  the  split-ring  connector.  Approximately  8%  of  the  failure 
planes  occurred  between  0.30  and  0.50  inches,  or  closer  to  the  full 
seating  depth  of  the  rings  in  the  outer  plates.  Almost  7%  of  the 
failure  planes  occurred  within  the  driver  block  core  area. 

Approximately  50%  of  the  failure  planes  occurred  cleanly  between 
the  laminations  of  the  sheared  core  area  without  significant  splinter- 
ing of  the  wood  layers.  Of  the  50%  which  sheared  across  laminations, 
30%  sheared  across  one  lamination,  and  20%  across  two  or  more  lamina- 
tions. There  was  no  noticeable  correlation  between  the  ultimate  load 
and  the  location  or  appearance  of  the  sheared  core  areas.  Similar  to 
the  tests  with  variable  end  distances,  the  failure  planes  seemed 
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to  occur  along  the  weakest  lamination  Interface  near  mid-seating  depth 
of  the  split-ring  connector  in  the  outer  plates. 


In  the  series  of  tests  having  variable  edge  distances  and  a con 


slant  end  distance  of  4 inches,  almost  all  of  the  bolts  failed.  A 


best  estimate  as  to  when  failure  occurred  would  be  after  ultimate  load 


had  been  reached  and  during  the  long  period  of  relatively  constant  load 


capacity.  It  was  during  this  later  period  of  loading  that  the  specimen 


showed  visible  signs  of  bulging  (Figure  5-1) 
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The  ultimate  capacity  of  one  split-ring  connector  is  one  half  of 

that  shown  on  the  data  plots.  This  ultimate  load  for  one  split-ring 

as  shown  in  Table  5-2  must  he  reduced  by  the  conventional  capacity  re- 
duction factor  of  1.65  to  correct  for  the  effects  of  load  duration  and 

arrive  at  an  allowable  maximum  long  term  capacity. 

Table  5-2 

Average  Ultimate  Load  for  Specimens 
With  Variable  Edge  Distance 
(4  inch  end  distance) 


Edge  Distance 

Orientation  of 

Load  to  Face  Grain 

Ultimate  Load  (Uncorrected 

2.75 

90° 

31  kips/ring 

3.00 

90° 

33.5 

3.50 

90° 

35.7 

4.00 

90° 

34.4 

5.2  S trength  of  Laminated  Wood  Bo Its 

Laboratory  testing  for  material  properties  frequently  produces 
results  with  considerable  scatter  in  the  data.  This  is  particularly 
true  wiicn  testing  non-homogeneous  materials.  Such  was  the  case  with 
the  tests  to  establish  the  tension-torsion  interaction  diagram  for 
phenolic  resin  impregnated  laminated  beech  wood  bolts.  Figure  5-2 
shows  the  test  results  for  79  wood  bolts  tested  under  various  com- 
binations of  tensile  and  torsional  stresses.  As  shown  in  Figures 
4-9,  4-10,  and  4-11,  many  of  the  tension  specimens  failed  by  shearing 
of  the  threads.  This  was  a continuous  problem  throughout  the  test 
program  and  was  the  primary  reason  why  the  bolts  were  extended  through 
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with 
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the  heads  of  the  testing  machine  with  two  full  size  nuts  attached  to 
each  end  of  the  bolt.  The  standard  length  test  specimen  holders  were 
too  short  to  develop  even  a reasonable  strength  in  the  bolt. 

Average  values  and  standard  deviations  for  the  ultimate  tensile 
strength  developed  in  the  bolts  under  specified  levels  of  applied 
torque  are  tabulated  in  Table  4-5.  These  values  are  based  on  test 
data  for  only  those  specimens  developing  tensile  stresses  after  the 
specified  torque  had  been  applied.  This,  in  the  opinion  of  the 
writer,  is  not  totally  realistic  as  a large  percentage  of  the  bolts 
failed  in  pure  torque  as  the  specified  level  of  torque  approached 
the  average  ultimate  torque  under  pure  torsional  stresses.  When  all 
of  the  specimens  selected  for  any  level  of  combined  tension  and  torque 
are  used,  some  of  the  average  tensile  values  are  significantly  reduced 
as  shown  in  Table  5-3  and  Figure  5-3. 

Table  5-3 

Average  Levels  of  Performance 
for  Tension  With  Induced  Torque 
(All  Specimens  Included  in  Compu- 
tation of  Average  Values) 


Applied  Torque 
(ft  lb) 

I’ult 

(lb) 

Standard  Deviation 
(lb) 

Avg  Change 
in  Length 
(In) 

Percent  of 

Spec i men s Fa i 1 i ng 
in  Pure  Torque 

11.09 

4902 

800 

.231 

0 

lb. 64 

4790 

719 

.235 

0 

22.18 

3595 

2247 

.205 

26.7% 

27.73 

1633 

2319 

.225 

66.7% 

The  plot  of  these  average  values  In  Figure  5-3  could  serve  as  a 
possible  Interaction  diagram.  However,  if  one  looks  further  into  the 
data  and  realizes  that  at  high  levels  of  applied  torque  only  33%  of  the 
bolts  were  sufficiently  strong  to  develop  the  torque  and  then  sustain 
tensile  stresses,  it  would  seem  equally  valid  to  consider  the  material 
to  be  bilinear.  This  bilinear  curve  is  based  on  average  ultimate  loads 
in  pure  tension  and  pure  torsion.  Reducing  these  values  for  a load  dur- 
ation factor  of  1.65,  the  bilinear  interaction  curve  then  encloses  the 
area  with  the  single  diagonal  lines  on  Figure  5-3.  If  now  a factor  of 
safety  of  2 is  used,  the  allowable  interaction  curve  encloses  the  area 
on  Figure  5-3  with  the  cross  diagonal  lines. 

Although  the  bolts  were  impregnated  with  resins,  the  moisture  ab- 
sorption tests  showed  that  the  nuts  and  bolts  would  absorb  approximately 
6 percent  of  their  weight  in  water  if  exposed  to  a high  humidity  environ- 
ment. These  results  are  shown  in  Figures  5-4  and  5-5.  It  is  generally 
agreed  that  when  resins  absorb  moisture,  their  properties  change. 

Testing- of  the  specimens  which  had  been  exposed  to  moisture  revealed 
an  initial  gain  in  tensile  strength  followed  by  a loss  in  strength. 

Figure  5-6.  Furthermore,  different  levels  of  strength  loss  were  experi- 
enced for  those  specimens  exposed  to  a high  humidity  environment  and 
a water  bath.  The  initial  increase  in  tensile  strength  can  probably 
be  attributed  to  the  swelling  of  the  bolts  thereby  providing  a tighter 
fit  between  the  nuts  and  bolts.  Most  of  the  threads  which  failed  during 
the  testing  of  these  bolts  appeared  to  have  sheared  off  at  a plane 
closer  to  the  core  of  the  bolt.  Standard  wood  fibers  which  have  been 
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Fig  5-6 

Tensile  Strength 
Bolts  Exposed  to  Moisture 


A Water  Tank 
O 100%  Humidity  Room 


exposed  to  mositure  for  prolonged  periods  of  time  will  absorb  water 
and  hence  develop  lower  levels  of  ultimate  strength.  Such  would 
appear  to  be  the  case  for  the  specimens  placed  in  the  water  bath. 
Apparently,  the  wood  fibers  absorb  less  moisture  in  a high  humidity 
environment  than  in  a water  tank  and  consequently  do  not  lose  as 
significant  a portion  of  their  ultimate  strength. 

In  a similar  manner,  the  bolts  which  had  been  exposed  to  moisture 
developed  reduced  levels  of  strength  when  tested  in  pure  torsion. 
Figure  5-7.  In  this  case  it  is  not  clear  as  to  the  effect  of  moisture 
absorbed  in  a high  humidity  room  as  opposed  to  a water  bath.  There 
is  information  available  on  testing  of  composite  materials  at  the 
Air  Force  Materials  Laboratory  which  would  support  the  premise  that 
a high  humidity  environment  is  more  detrimental  on  a phenolic  resin 
than  is  a water  bath.  Since  the  torsion  test  specifically  subjects 
the  phenolic  matrix  to  high  levels  of  stress,  this  could  account 
for  the  30  percent  loss  in  torsional  strength  after  28  days  in  a 
moist  environment. 

The  last  series  of  tests  which  deserve  some  comment  is  the 
special  test  which  simulated  field  installation.  In  these  tests, 
the  bolts  failed  in  a manner  similar  to  failure  under  pure  torque. 

At  the  time  of  failure  the  bolts  had  developed  approximately  45 
percent  (2295  lb)  of  their  ultimate  tensile  strength.  Although  the 
bolts  had  sufficient  residual  tensile  strength,  improper  tightening 
of  the  nuts  or  tightening  to  a level  which  tends  to  freeze  the  nut 
and  bolt  could  easily  fail  the  bolts  in  torque. 
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CHAPTER  6 


CONCLUSIONS 

Wood  and  wood  products  are  nonhomogeneous  brittle  materials.  As  a 
result,  an  engineer  would  expect  to  obtain  somewhat  inconsistent  performance 
from  wood  as  the  levels  of  stress  approach  the  ultimate  strength.  Recog- 
nizing this  characteristic  behavior  of  wood,  the  following  conclusions 
seem  reasonable  as  a result  of  the  tests  performed  on  steel  split-ring 
shear  connectors  in  laminated  gusset  plates. 

a.  The  laminated,  resin  impregnated  wood  material  has  a stiff- 
ness larger  than  that  normally  experienced  in  wood  products,  hence  a 
more  brittle  type  failure  should  be  expected. 

b.  The  orientation  of  load  to  face  grain  has  no  significant 
effect  on  ultimate  load  carrying  capacity  of  the  split-ring  connector. 

c.  The  failure  of  the  core  area  of  the  split-ring  will  occur  at 
some  depth  less  than  the  full  depth  of  the  split-ring  groove,  possibly 
along  the  weakest  lamination  within  the  wood  material. 

d.  The  shear  connectors  with  4 inch  end  distance  do  not  develop 
any  significantly  greater  strength  than  those  with  the  3 1/2  inch  end 
distance  for  all  load  to  face  grain  orientations. 

e.  The  shear  connectors  with  4 inch  edge  distance  do  not  develop 
any  significantly  greater  strength  than  those  with  the  3.5  inch  edge 
distance. 

f.  The  ultimate  load  obtained  will  occur  just  prior  to  shearing 
of  the  core  area  of  the  split-ring  connector. 
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g.  The  overall  behavior  of  the  split-ring  connector  with  a con- 
stant end  distance  of  4 inches  and  variable  edge  distance  closely 
parallel  that  of  the  connector  with  a constant  edge  distance  of  2.75 
inches  and  variable  end  distance. 

h.  The  wood  bolts  will  fail  after  the  connection  has  reached 
its  ultimate  strength. 

i.  Bulging  of  some  connections  will  occur  only  after  deformation 
of  0.15  inches  are  developed  and  the  specimen  has  developed  its  ulti- 
mate strength  but  has  not  completely  fallen  apart. 

The  results  of  the  111  bolt  tests  tend  to  support  the  following 
conclusions . 

a.  The  average  ultimate  tensile  strength  is  5200  lb  with  a stan- 
dard deviation  of  440  lb  for  3/4  inch  diameter  laminated  wood  bolts. 

b.  The  average  ultimate  torsional  strength  is  30  ft-lb  with  a 
standard  deviation  of  6 ft-lb  for  3/4  inch  diameter  laminated  wood 
bolts. 

c.  Tension  failure  is  frequently  initiated  by  shearing  the 
threads.  Specifically,  the  threads  may  shear  at  a point  not  along 
the  maximum  core  diameter.  This  may  be  true  even  when  two  full  nuts 
are  used  to  secure  the  bolt. 

d.  The  exceptionally  lose  fit  of  bolt  and  nut  probably  is  a con- 
tributing cause  to  the  lower  average  tensile  strength  when  compared 
with  manufacturers  data.  One  would  suspect  that  in  a more  humid  cli- 
mate the  bolts  and  nuts  would  fit  more  tightly  and  therefore  provide 
greater  contact  surface  and  thread  shear  strength.  This  is  partially 
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supported  by  the  increased  strength  developed  after  the  bolts  had  been 
exposed  to  moisture  for  some  period  of  time. 

e.  Bolts  subjected  to  tensile  stresses  will  most  probably  fail  by 
stripping  of  the  threads,  some  bolts  will  break  at  a point  roughly  2 inches 
from  the  end  of  the  bolt.  This  corresponds  to  that  point  where  the  in- 
side nut  and  bolt  come  together.  Few  bolts  are  likely  to  fail  in  tension 
in  the  middle  third  of  the  bolt  length. 

f.  Bolts  subjected  to  pure  torsion  are  likely  to  display  the 
characteristic  spiral  failure.  Almost  all  of  the  bolts  will  fail  in 
torque  in  the  middle  third  of  the  bolt  length. 

g.  Torsion  failure  will  be  initiated  in  the  resin  matrix  by  de- 
lamination of  the  wood  layers.  Only  after  considerable  twisting  will 
it  be  possible  to  fail  the  actual  wood  fibers. 

h.  The  wood  bolts  have  sufficient  tensile  strength  for  proper 
field  installation.  However,  as  the  tensile  forces  increase  in  the 
bolt,  the  bolt  and  nut  develop  sufficient  friction  and  freeze.  Hence 
the  bolt  may  fail  in  twisting  if  excessive  torque  is  applied. 

i.  The  laminated  wood  bolts  behave  as  a bilinear  material. 

Throughout  the  testing  program,  the  average  tensile  strength  remained 
relatively  constant  until  the  applied  torque  approached  the  torsion 
failure  envelope.  From  that  point  on,  only  approximately  50  percent 
of  the  bolts  had  sufficient  strength  to  resist  the  applied  torque. 

Those  bolts  which  did  develop  the  torque  also  developed  approximately 
the  same  levels  of  tensile  strength  as  did  those  bolts  tested  in  tension 
only. 
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j.  The  wood  nuts  and  bolts  may  experience  an  average  gain  in  weight 
of  6 percent  after  28  days  exposure  to  a high  humidity  environment.  The 
moisture  absorbed  by  the  bolts  will  produce  a tighter  contact  between 
the  bolt  and  nut  and  therefore  an  initial  increase  in  tensile  strength. 
After  prolonged  soaking  in  a water  bath,  the  bolt,  however,  develops  a 
lower  level  of  tensile  strength. 

k.  The  moisture  absorbed  by  the  bolts  will  produce  a deterioration 
in  the  phenolic  resins  and  therefore  a reduced  level  of  torsional 
strength. 

l.  Three  quarter  diameter  bolts  which  are  31  inches  long  will 
elongate  approximately  0.25  inches  prior  to  failure  under  tensile  loads. 
Hence  if  the  wood  beams  and  columns  used  in  a structure  are  likely  to 
swell  more  than  0.20  inches  in  width  due  to  changes  in  climatic  condi- 
tions, then  adjustments  must  be  made  in  the  tightness  of  the  bolts 

as  the  average  bolt  will  fail  when  the  elongation  approaches  0.25  inches. 

m.  After  applying  a load  duration  factor  of  1.65  to  the  average 
ultimate  tensile  strength  and  average  ultimate  torsional  strength,  as 
established  in  the  laboratory,  the  long  term  strengths  reduce  to  3150  lb 
in  tension  and  18.5  ft-lb  in  torque.  Applying  a factor  of  safety  of  2, 
the  above  estimated  long  term  strength  values  reduce  to  an  allowable 
tensile  strength  of  1575  lb  and  an  allowable  torsional  strength  of 

9.25  ft-lb. 
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HIGH  STRENGTH  PHENOLIC  LAMINATE 


This  unique  product  is  a phenolic  laminate  made  from 
carefully  selected  thin  beech  veneers  These  wood  layers 
are  impregnated  under  vacuum  with  a special  synthetic 
resin  and  then  densified  through  the  application  of  heat 
and  pressure.  The  result  is  Permali  giade  EH,  a homo- 
genous material  that  combines  the  great  strength  and 
toughness  of  wood  fibers  with  the  excellent  stability  and 
dielectric  properties  of  the  most  advanced  thermosetting 
resins. 

PROPERTIES 

Dielectric  Strength  Permali  EH  was  developed 
for  and  finds  its  principal  use  in  high  voltage  electrical 
equipment 

High  Strength/Weight  Ratio  with  a specific 
gravity  of  1 3 it  has  tensile  strength  of  14  tons  per 
square  inch  a strength/weight  ratio  equal  to  high 
tensile  steel 

Dimensionally  Stable  since  it  is  fully  resm-impreg- 
nated  and  densified.  watei  absorption  s very  low  and 
dimensional  stability  is  good 

Resistant  to  Abrasion  . more  resistant  than  quartz, 
it  has  a lower  rate  of  wear  than  many  metals 

Resistant  to  Heat  and  Weather  suitable  toi  pro- 
longed use  in  all  climates  and  weather  may  be  used 
continuously  at  temperatures  of  105'C  and  intermit- 
tently to  1 50'C 

Retains  Strength  at  Cryogenic  Temperatures 

retains  about  80%  of  mechanical  strength  at  192°C 
t 314°F)  compressive  strength  (perpendicular  to 
the  face)  actually  doubles  at  cryogenic  temperatures 

Completely  Non- Magnetic  Naval  Ordnance 

Laboratory  tests  indicate  magnetic  permeability  is  less 
than  1 004  in  another  test  after  being  subjected  to  a 
1.4  kilogauss  field,  a Permali  EH  sample  recorded  a 
residual  field  of  less  than  01  gamma  on  a Varian  Assoc 
Rubidium  Vapor  Magnetometer  . motion  in  the  mag- 
netic field  of  a coil  wrapped  on  a Permali  EH  frame  will 
not  produce  eddy  currents' 

Resistant  to  Chemicals  unaffected  by  continuous 
immersion  in  oils  and  fats  . resists  attack  of  mild  acids 
and  alkalis 

Attenuates  Fast  Neutrons  a most  efficient  struc- 
tural material  for  neution  shielding  can  be  fabricated 
to  close  tolerances  and  can  be  operated  at  relatively 
high  temperatures  without  deformation  or  loss  of  shield- 
ing properties 

QUALITY  CONTROL 

All  Permali  EH  is  processed  under  tight  controls  Daily 
tests  are  normal  routine  and  continuous  checks  on  pro 
cessing  operations  maintain  these  high  standards  The 
electrical  mechanical  and  physical  properties  detailed 
on  page  4 are  averaged  from  production-run  materials 
tested  on  a continuous  basis  for  more  than  a decade 


ADVANTAGES 

When  compared  with  NEMA-grade  cellulose  base 
phenolic  laminates,  Permali  EH  is 

• equal  electrically 

• superior  mechanically 

• generally  less  expensive 

When  compared  to  NEMA-giade  glass  laminates 
Permali  EH  costs  only  about  35%  as  much  a signifi- 
cant consideration  A furthei  saving  is  made  due  to  ease 
of  machining  Also,  fabncating  charges  ate  normally 
50%  less  than  tor  glass  laminates 

Variable  lamination  arrangement.  Unlike  cotton  oi 
glass  cloth,  Permalis  thin  wood  veneers  contain  uni- 
directional fibers  By  varying  the  giain  direction  of  the 
laminations,  the  production  of  several  types  of  Peimali 
EH  witti  different  mechanical  properties  can  be  menu 
tactured  to  give  you  strength  where  you  need  it 

Structural  advantages.  Peimali  EH  piovides  a highei 
modulus  of  elasticity  than  other  phenolic  laminates. 
Designers  and  fabricators  can  benefit,  therefore,  by 
using  a reduced  cross  section,  or  by  providing  greater 
rigidity  with  the  same  cioss  section  The  lattei  is  a very 
important  consideration  in  the  construction  of  large 
insulating  structures 


TYPES  OF  PERMALI  EH 


Six  symbols  completely  describe 
any  type  of  Permali  EH,  as  follows: 


Grade 

E for  most  applications 

Species  of  wood 

H is  Beech 

Type 

Laminar  orientation  (see  p.  3) 

Veneer  thickness 

5 is  'AT 

7 is  Vi. 

P 

Suiface  as  pressed 

M 

Surface  machined  foi  closer 
tolerances 

Surface  finish 

Unvarnished 

0 Edges  varnished  (special 
cases  only) 

1 Transformer  oil  finish 
(threaded  parts) 

4 Standard  air  drying  electrical 
varnish  Excellent  anti  - 
tracking  properties 

EXAMPLE  EH65P4  Electrical  grade  Permali  made 
from  cross  laminated  beech  veneers 
' jj  thick  press  finish  with  standard 
electrical  varnish  coating 


GENERAL  APPLICATION 


TYPE  5— Uni  directional  laminae 

For  components  stressed  in  tension, 
flexure  or  torsion 
lengths  to  1 70 
Widths  to  1 0 

Thickness  Type  55  3/i«  to  1 

Type  57  'h  to  3 


^TYPE  6— Cross  Laminated 

' For  panels  and  components  in  compression 
or  for  parts  stressed  in  more  than  one  direction 
■Sizes  to  suit  most  applications 
Thickness  Type  65  3/m  to  1 

Type  67  Vi  to  6 


SPECIAL  APPLICATION 


TYPE  2—25%  cross  laminated 

For  tensile  applications  requiring  higher 
shear  strength  along  the  major  axis 
Lengths  to  1 70 
Widths  to  20 

Thickness  Type  2b  % to  1 
Type  27  '/j  to  4 


TYPE  7— Laminae  tangential  to  periphery 

For  non -impregnated  transformer  clamping 
rings 

Minimum  I D 12 

Maximum  O.D.  110 

Mimmum  Radial  Wall  1 

Maximum  Radial  Wall  14 

Ratio  of  Wall  to  Thickness  12:1  Maximum 

Thickness  '/>  to  2\- 


TYPE  8— Laminae  45  to  major  axis 

For  increasing  the  electrical  strength  of 
r omponents  along  the  maior  axis  where 
met hanical  requirements  are  not  critical 
Sizes  restricted 

Thickness  Type  85  ’>  to  1 

Type  87  1 to  3 


TYPE  3 Radially  disposed  laminae 

For  making  silent  gears  This  arrangement 
achieves  uniform  tooth  strength 
Maximum  diameter  4k 
Thickness  Type  35  X to  1 
Type  37  1 to  4 


MECHANICAL  PROPERTIES 


PHYSICAL  PROPERTIES 


TYPE  6 


Water  Absorption  % 24  ir 
Thickness  '■i 
Thickness  1 


Tensile  Strength,  psi  Lengthwise 


Compressive  Stiength  psi 
Perpendiculai  to  laminations 
Parallel  to  laminations  and  grain 


Shear  Strength,  psi 

Paiallel  to  gram  and  laminations 
Perpendicular  to  laminations, 
paiallel  to  grain 
Perpendicular  to  grain  and 
laminations 


Coefficient  of  thermal  expansion 
centigrade  units 

Type  5 Lengthwise 
Ciosswise 

Perpendicular  to  laminations 

Type  6 Parallel  to  laminations 

Perpendiculai  to  laminations 


Bonding  Strength,  lbs  Cond  A 

Impact  Stiength  Izod,  ft  Ib/in  of  notch 
Perpendicular  to  face,  lengthwise 
Perpendicular  to  edge,  lengthwise 


Thermal  Conductivity  cal/cm/  C/sec 

in  plane  of  laminations  lengthwise 
in  plane  of  laminations  ciosswise 
across  plane  of  laminations 


Modulus  of  Elasticity 


ELECTRICAL  PROPERTIES 


Dielectric  Strength  (step-by  stepe  25’C 
see  Pei  mail  leaflet  ETL  -A  for  details) 


IMPULSE  STRENGTH 
Typical  Values  toi  Hashover 
1 x 40  Wave  form 


Perpendicular  to  laminations  (V/M)  % 


Distance  Between 
Electrodes 


Parallel  to  laminations  KV 
V/M 


Dielectric  Constant  60  H/ 


All  data  aie  based  on  applicable 
NEMA/ASTM  test  standards 


Specific  Resistance  ohms/cm1 


Intermittent  operating  temperature 

1 50°C 

(302  F) 

Continuous  opcating  tempeuituies 

In  Oil 

105’C 

(221 CF) 

In  An 

lOb'C 

(221°F) 

Flexural  Stiength  psi  (flatwise) 
Lengthwise 

32.500 

Crosswise 



Th«  curves  below  are  for  use  In  the  design  of  threaded  Perm  all  parts  employing  ANC  threads. 
In  order  to  develop  a thread  shear  strength  equal  to  the  ultimate  tensile  strength  of  the  stud,  a 
thread  length  equal  to  the  "optimum  nut  thickness"  must  be  engaged.  A shorter  thread  engage- 
ment will  result  In  a pro  rata  roduction  In  strength  of  the  assembly. 

AN C threads  are  normally  recommended  for  diameters  to  I"-l'/<".  For  greater  diameters  ANF 
threads  should  be  used.  (See  Threaded  Fittings- ANF) 
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__  TENSILE  ( THREAD  SHEAR 
— STRENGTH  VS.  DIAMETER 
- TYPE  EHS5  tEH57-ANC  THREAD 
=p=  1 : i : 1 : 


NOMINAL  DIAMETER  INCHES 

NOTE:  CURVES  REPRESENT  AVERAGE  RESULTS  OF  ACTUAL  TESTS 

USE  OF  CURVES 

(a)  To  hnd  ultimate  tensile  utrenqlh  ol  a Permall  threaded  component  read  up  from  the  deiiired  diameter  to  Curve  A' 
and  then  across  to  the  riqht  vertical  scale. 

‘b’  To  Itnd  shear  s'ronq'h  per  'nch  ol  nut  thickness  or  per  Inch  ol  thread  enqaqement.  read  up  trom  the  desired  diameter 
to  Curve  B and  'hen  across  to  the  outer  left  vertical  scale. 

’ To  hnd  nut  thickness  lor  maximum  assembly  strenqth  reed  up  lrom  the  desired  diameter  to  Curve  C'  and  then  across 
to  the  inner  left  vertical  scale. 

Fiqures  obtained  lrom  '.he  curve  are  ultimate  and  suitable  solely  toe-tors  should  be  applied. 


THREADED  FITTINGS-ANC 


The  curve*  below  give  the  ultimate  (hear  strength 
of  round  Permali  sections  (Types  55  & 57)  in  a plane 
perpendicular  to  the  major  axis,  as  illustrated  by  the 
drawing. 

The  data  presented  is  for  single  shear.  With  many 
fittings  double  shear  will  occur  and  will  permit  the 
curve  data  to  be  doubled.  An  analysis  of  the  fasten- 
ing will  indicate  whether  single  or  double  shear 
should  be  considered. 

The  upper  curve  gives  the  ultimate  strength  of  a 
stud  in  the  threaded  portion:  i.e..  at  the  root  diameter 
of  an  AN C thread.  The  lower  curve  gives  the  ultimate 
strength  through  the  full  nominal  diameter. 

Additional  data  for  larger  diameters  and  or  special 
thread  forms  will  be  supplied  on  request. 

All  strength  data  presented  in  this  data  sheet  is 
ultimate.  We  usually  recommend  a safety  factor  of  4 
when  loading  is  uniformly  applied  and  6 when  shock 
loading  may  occur.  For  particularly  severe  applica- 
tions an  even  higher  safely  factor  may  be  indicated. 


AMC  TMRFADFD  POO 

shlar _ r lrpendicular  to  axis  vs.  diamcte  r 


PERMALI  PACIFIC  INC  . Pat  Mac  Industrial  Pack. 
10930—  ft  6th  Avenue  NE,  Kukland, 

Washington  98033  • Phone  206  822-0217 


> es-  s - «*  ’ -imsutt*  **' 

THREADED  FITTINGS-ANC 


ItV  unite  your  inquiries.  Our  techni- 
cal staff  is  at  \ our  st'rncc  anil  early 
consultation  on  design  problems  may 
sme  time  anil  money. 


SOO  tooo  3000  tqooo  20000 

ULTIMATE  SHEAR  — POUNDS 


PERMALI  (CANADA)  LTD  . 2870  Slough  Street. 

Malton,  Ontario  • Phone  416  677-2090 

PtinleU  in  USA 


PERMALI.  INC.,  P O Bo*  718 

Mount  Pleasant  Pa  15666  (Pittsburgh  District) 

Phone  4 12/ 54  7-4581 


PERMALI,  inc. 


The  mechanical  properties  of  PERMALI  listed  in  our  technical  literature  have  been  estab- 
lished and  are  maintained  by  laboratory  tests  carried  out  to  N.E.M.A.  or  A.S.T.M.  stand- 
ards. However,  all  practical  applications  inevitably  introduce  stress  concentrations  — the 
effect  of  which  is  to  limit  the  achievement  of  maximum  ultimate  strength. 

The  purpose  ol  this  data  sheet  is  to  suggest  methods  of  calculation  that  have  been  proved 
in  practice  to  produce  conservatively  accurate  determinations  of  the  ultimate  strength  of 
actual  components. 
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PERMALI  IN  TORSION  • Normally  Type  "5”  is  used.  (See  technical  leaflet  lor  type 
description! 

When  IVimili  rods  are  used  in  torsion,  the  determining  factors  art*  torsional  strength  for 
short  rods  and  angular  delleeiion  for  long  rods.  Since  it  is  not  possible  to  draw  a sharp  line 
of  division,  i!  n well  to  calculate  both  values  for  all  designs. 

The  ultimate  shear  strength  of  Type  o 1’ermali  rods  in  torsion  may  he  taken  as  l.nOO  psi. 
For  gradual  loading  a safety  factor  of  I should  lie  used,  and  for  shock  loading,  the  factor  of 
safety  should  he  o.  In  practice,  therefore,  the  allowable  working  loads  in  shear  would  he 
psi  lor  gradual  lo.uls  and  VaO  psi  for  shock  loads 

Where  angular  deflection  is  a factor  it  may  he  calculated  as  follows: 


583.6  Tl 
d’  G 


00162 


TL 

d' 


wilt'll1' 

Torsional  dcflccfion  (degrees) 

T Torsional  moment  (inch. lbs.) 

I length  (inches) 
d Diameter  (inches! 

G Torsional  modulus  of  elasticity 

3.0  x 10'  psi 

The  allowable  torsional  moment  for 
round  rod",  may  be  calculated: 

T Sx0.196d> 


where- 

T Torsional  moment  linch-lbs.) 

S Allowable  shear  stress  (ps.' 
d Diameter  (inches) 

In  the  case  ot  square  shafts,  the  follow- 
ing should  be  used: 

T S x 0.2083b' 


ami  O 


407.4 


Tl 

Gb* 


.00113  .4 

b 


vs  here 

b 'Inches) 

Other  symbols  as  above 


M>-  MECHANICAL  DESIGN  DATA 


‘1W  Mi  r «- 

J COMPONENTS  -N  TENSION  T^rj—  

l 

RECTANGULAR  SECTION  PERMALI  PARTS— (Types  2.  s and  6) 


TUtX?*  When  Ixrlts,  pins,  or  rivets  are  used  to  attach  metal  end  fittings 

injJm  to  a link  or  bar  the  stress  concentration  around  the  bolt  holts  and 

JpQyi  I . *5  at  the  sharp  corners  of  the  component  will  cause  it  to  fail  at  a tensile 

1 stress  well  below  the  theoretical  value.  The  shear  values  are  similarly 

1 1 iH/'"  | ' yLj  Tests  show  that  the  frictional  grip  of  tightly  bolted  e'nd  fittings 

\ . . ■ %tM  will  carry  between  one-third  and  one-half  of  the  total  load  in  failure. 

I I 1 * _,'y*  As  there  is  a substantial  “human  element”  in  assembly  tightness 

gk  ( f many  designers  prefer  to  ignore  the  frictional  grip.  Separate  figures 
are  therefore  quoted  in  Table  1 for  both  types  of  load  transfer.  Note 
that  the  only  difference  between  tightly  bolted  and  pinned  end 
fittings  is  in  the  shear  values,  since  tensile  failure  usually  occurs  JXZ? — 

at  the  inner  end  of  the  fitting  when  the  Permali  is  carrying  the  ■'y~ 

When  using  the  tabijiati-d  data  the  following  considerations 

t 1 1 Tensile  Strength  should  be  calculated  on  the  reduced 
cross-section  occurring  at  the  innermost  bolt  or  pin  holes.  (See  sketch  B, 
shaded  area  in  Sketch  A.  I 

(2)  Shear  Strength  should  be  based  on  the  failure  in 
single  shear  or  splitting  of  the  material  between  the  liolt  holes 
-•  _ and  the  end  of  the  component  (see  shaded  area  shown  in  Sketch 

—a HI.  When  several  holes  are  used  as  shown  in  Sketch  C,  failure 
/gfUCH'  ^ will  usually  occur  by  shearing  of  the  whole  triangular  portion 

' indicated  and  the  shear  figures  quoted  should  1h>  applied  to  the 
total  area  of  failure. 

The  use  of  box  section  end  fittings  or  channel  plates  (as 
shown  in  Sketch  C)  which  gives  side  support  to  the  Permali 
is  recommended  and  will  substantially  increase  the  failing  load 
in  shear. 

( 2)  Maximum  hearing  pressure  (calculated  on  the  projected  area  of  contact)  is  the  stress 
at  which  local  crushing  and  comprehensive  failure  of  material  in  contact  with  the  bolts  will 
occur.  The  values  quoted  are  conservative,  but  care  must  be  taken  to  use  pins  or  bolts  of  such 
size  and  material  that  bending  stresses  will  cause  no  appreciable  distortion.  If  the  pins  bend 
or  distort,  local  stressing  of  the  Permali  will  take  place,  and  the  strength  of  the  assembly  will 
l>e  reduced.  High  tensile  steel  bolts  and  pins  are  recommended. 

TABLE  1.  FAILING  LOADS:  RECTANGULAR  SECTION  PERMALI  RODS 


Typo  of  Material 


EH57 A FH5S 


EH6”*  A EH65 


EH 27  A EH2S 


Typo  of  Loadinq 


I Tensile  Shear*  ®*amKM  Tensile  Shear*  Tensile  Shear*  | pBMr,M 

Pressure  | . Ptessure  1 1 Pressure 


Pinned  end  httinqs. 

Ultimate  tiqure  to  be  10.000  ' 4 000  14  000  j 6 000  9,600  14  000  7.500  , 5 000  14  000 

expected  p s i. 


Bolted  end  httinqs 
well  tiqhtened  up 
Ultimate  Injure  to  be 
expected  p s i 


10  000  6 000  14  000  I 6 000  12.000  14  000  7 500  7 500  14  000 

II  I i I II  I 


These  Injures  are  for  sinqle  shear  and  should  not  be  doubled.  Do  not  assume  double  shear  will  occur. 
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COMPONEN 


N j 


•*  I 


PERMALI  ROUND  RODS—  (Types) 

In  designing  metal  end  fittings  for  IVrmali 
rods  of  circular  section,  two  points  should  U» 
considered : — 

( 1 In  common  with  other  insulating  materials 
Permali  is  notch  sensitive,  and  it  is  important  to 
avoid  stress  concentration  as  much  as  possible 

<2>  The  ultimate  strengths  of  IVrmali  differ 
widely  U‘tween  tension,  shear  and  compression  The 
proportions  of  a balanced  design  will,  therefore 
differ  from  those  of  a similar  metal  part 

Nevertheless,  the  use  of  conventional,  threaded 
end  fittings  is  recommended  for  normal  applica- 
tions: AN C for  smaller  si/«*s  and  ANT’  for  sizes 
over  about  one  inch  While  accurately  fitting 
‘round*  or  ‘roll*  form  threads  are  actually  stronger, 
their  use  requires  special  form  tools,  taps,  and 
gauging  equipme  nt  This  expense  is  seldom  war 
ranted  except  for  volume  production. 


3 IN  TENSION 

nuKMNMfc.  w 

TABLE  2 

I 

Size  of  Rod  , 


FAILING  LOADS  : 
TYPE  5 “ PERMALI” 
ROUND  SECTION 
RODS 


Dmm 

Dtam. 

lew  than 

over  J »nrh 

1 inch 

Thread 

Thi*«ci  lortn 

AN  C 

ANF 

A 


Adi 

Actual  sheai  strength 


_ j .. 

V* 

Actual  tensile  strength 


2.500 

p.s.i. 


1.800 

p.s.i. 


18.000 

p.s.i 


18.000 
p.s  i. 


The  .»•  tended  to  Apply  to  Petmtli  " 

Mt*d  A:t:  eitftei  r>v«»  c PezmAii  oz  steel  "ut« 


:L  h 


Fig.  1 


Fiq. 


Fig.  2 ib) 


rl'hc  reduction  in  tensile  strength  caused  by  stress  concentrations  at  the  base  of  AN  threads 
i<  not  as  severe  as  that  caused  by  holes  in  flat  links,  and  the  ultimate  tensile  strength  of  Permali 
threaded  rods  is  approximately  18.000  psi  calculated  on  the  cross  sectional  area  at  the  base  of 
the  thread.  IT  d*  « See  Table  2 ) 


4 

However,  the  ultimate  tensile  strength  of 
the  core  will  usually  exceed  the  shear  strength 
of  the  threads.  This  may  be  assessed  on  tin* 
calculated  area  TT  DI. » of  the  cylinder  at  the 
base  of  the  thread  which  will  1m*  sheart*d  when 
the  nut  is  pulled  off.  For  rods  less  than  1" 

diameter  a shear  strength  of  2. .*>00  psi  may  be  assumed  For  diameters  greater  than  1"  use  a 
figure  of  I MH1  psi  ■ <e«*  * Fable  2 The  ultimate  failing  load  of  the  assembly  will  be  either  this  load 
or  the  «.alctilated  ultunah  tensile  load,  whichever  is  smaller. 


(Fig.  3va' 


Fig.  3(b) 


Foi  threaded  Permali  rods,  whether  used  with  Permali  or  metal  nuts  thread  engagement 
I Fig  1 should  be  greater  than  the  nominal  diameter.  For  most  applications  I should  be 
P . D and  can  Im*  further  increased  with  advantage  when  the  calculated  shear  strength  is  less 
th  in  ultimate  tensile  strength. 

\nother  form  of  end  fitting  consists  of  a steel  tube  or  cap.  rol.ed  or  swaged  into  shallow 
grooves  turned  near  the  ends  of  the  Permali  rod  see  Figs.  2m)  and  2 bV  The  limitation  of 
quality  inspection  however  dictate's  that  the  method  should  In*  utilized  only  where  quantities 
an  Million  nt  to  permit  testing  to  destruction  of  a reasonable  number  of  samples. 

A similar  fitting  employs  a split  ring  or  other  component  inserted  in  a groove  out  in  a round 
IVrmali  rod  This  transmits  the  load  by  putting  the  cylinder  of  material  between  the  groove 
and  tin*  end  of  the  rod  in  shear  (ienerallv  the  effect  is  similar  to  that  obtained  with  screw 
threads  but  "tress  ronrentrntion  is  more  severe  with  only  one  groove 

I’sing  a groove  with  a sharp  comer,  as  in  Fig  .1  a>,  an  ultimate  shear  stress  of  1.200  psi 

should  U*  used  to  calculate  the  failing  load  of  the  cylinder.  7T  d L. 

The  use  of  i fairly  large  radius  in  the  bottom  corner  of  the  groove,  where  the  stress  is  con- 
centrated will  raise  the  unit  faring  stress  to  1.500  psi.  Where  a tapered  fitting,  as  shown  in 
Fig  5 b . iv  list'd,  "tress  concentration  is  still  further  reduced  and  unit  failing  stress  can  bo 
taken  »"  1.700  to  1.800  psi 
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STRUCTURAL  APPLICATIONS 


PERMALI  COLUMNS 

IVrmali  component*  acting  as  columns.  as  in  the  i as,*  of  circuit  breaker  lift  rods.  arc  some- 
time* ■%tirsM*d  ultimately  in  t<  n**ioi)  and  compression  Pensile  characteristic*  are  discussed  on 
I'.njo  .*  .tmt  .1  Simv  end  Mnir-.k’"  are  normally  a flat  bed  in  such  a wav  that  the  columns  van  ho 
a^-umid  to  haw  fixed  ends  reaction  to  compre*siy e forces  is  normally  the  s.um*  as  for  tivxl 
column*,  "in  h a*  occur  in  nijih  y ullage  structures  Assuming  fixed  ends  and  tin*  use*  of  Type  a 
IVtnudt  the  ultimate*  strength  of  columns  may  be  calculated  thus 


Whvn  thv  tlvndvrnvta  ratio  ( i k) 
•xcvvds  ISO- 

P = 98.9  i 10’  X -J- 

c* 

It  the  column  it  a aqua  re  aoctlon. 
the  above  can  be  solved  lor 
Section  sue  as  follows  - 

b = y 0.1219  x 10-“  Pi.' 

t > 43.3  b 

It  the  column  is  a round  section, 
the  tollowinq  applies 

<*  = Y o.jo*  i io ' n* 

t > 37.3  d 


SAFETY  FACTORS 


FORMULAE  SYMBOLS 

P buckling  load 

pounds 

i le.igth  in  inches 

k least  radius  ot 

gyration  inches 
1 moment  ot  inertia 

inches ‘ 

A section  area 

square  inches 
b side  ot  square 

inches 

d diameter  inches 


When  the  slenderness  ratio  ( t k) 
is  less  than  150 — 

A x 18.000 

p — 

1 + 0.00025  ( A/k)» 

When  the  cros^  section  Is  un- 
known. this  equation  can  only 
be  solved  by  trial  but.  It  a 
square  section  Is  assumed,  the 
equation  becomes  — 
p _ b-  x 18.000 

1 **"  334  b* 

U a round  section  is  used,  the 
equation  becomes: 


Solution  of  the  above  toimulae  produces  ult.mate 
strength  Minimum  safety  factors  ot  4 tor  statu  loading  and 
6 for  shock  loadma  are  recommended. 


PERMALI  BEAMS 

Haems:  icl.it txeix  hijtli  mudt.lt  n|  cla-ticit\ 
uni  ni|ilinc.  IVrmali  t-  :m  ideal  structural 
tn.ilen.t!  tm  Ivam-  which  rmi't  litivi  dichvtric 
"i  imh- metallic  | | h-i t h •-  l-‘. n calculation- 
iim - Mtiitil.u il  fuiniul.il  with  the  |>ru|H'it u-  Inr 
I’cmali  It-tcd  in  the  tcchnii  t!  leaflet.  Knd 
litiiie:-  -hnuld  he  c.neliilly  1 1 -tuned  to  prn- 
\ nli  .idcgn.ite  lie.ttmu  and  -hear  aivat. 


PERMALI  IN  SHEAR 

The  -then  -ttensjlh  nt  l’eimali  \ til  it"  with 
the  t > | h • employed  .nul  the  drvclion  nl  ap- 
jtlied  4m.  Tin-  i hatacti  n-ttc  a-  tt  applies 
tu  p.ut-  with  I mltcd  and  ’Invaded  tittmu- 
i-  di-eu— I’d  on  l’a>a-  - and  ’>.  However,  in 
de-ieninu  liu  -hetn  force-,  con-ideratinn 
-hnuld  he  given  to  the  hillowinj:  Imsie 
|'l  meiples 

I.  It  i-  , 'referable  to  drill  hole-  in  the  face 
rather  than  the  edite 

’ With  Type  .»  Imam-  and  eulemns  it  is 
preferable  to  apply  external  shear 
tune-  perpendiculat  to  the  axis. 

W ith  Ty  pe  t>  tnenihers  in  shear  it  is 
pri  ferahle  to  applx  the  lorce  on  the 
edjte  and  perpendietilar  t ' the  faec. 


PERMALI  IN  COMPRESSION 

I’etmalt  Ty  pe  ti  -hnulil  normally  la-  -eYc. 
ttl  hut  mam  component.-  <ue-xod  m cmn- 
pi<":nn  tne  al.-ii  loaded  in  othei  daivtion-. 
anti  tin-  max  deto'mino  tlx  type  nt  mat- red 
tt-t  al. 

STRENGTH  WEIGHT  COMPARISON 

S r ,|,c  Com 

" \ Tension  pres  Shear  Bonding 


St: wr!  ’ ••  Stool 
DuiaUitnr- 
M.i  • ; m Alloy 

A STM  6 
Dciuil.iw  Kir 


\*  IV  ‘.\>s 
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Permali  types  EH55  and  EH  57  are  frequently  specif. ed  for  insulating  operating  shafts  subject 
to  torsional  loading.  The  curves  on  this  sheet  have  been  prepared  tc  aid  in  the  accurate 
selection  of  section  dimensions.  The  information  shown  is  recommended  as  a basis  for 
design. 

Round  section  shafts  are  commonly  used  in  conjunction  with  driving  pins  or  flats  at  the  point 
of  torque  application.  A preferred  method  utilizes  square  section  ends  providing  positive 
contact  with  end  fittings  and  minimizing  stress' concentration. 

As  explained  in  the  "Mechanical  Design  Data"  section,  the  ultimate  shear  stress  for  torsional 
loading  is  4.500  psi  and  the  Torsional  Modulus  of  Elasticity  is  3.G  x 10  psi.  It  is  recommend- 
ed tnat  safety  factors  of  4 for  static  loading  and  6 for  impact  loading  be  applied.  This  results 
in  a maximum  working  stress  of  1125  psi  and  750  psi  respectively.  These  limits  are  well 
defined  on  the  curves. 


PERMALI 
ROUrs-O  ROD 

TYPE  5 


TTTI  T 

15  PI 


: tso  ps  \y 

toooo  . ,’ogquE  vs.  angular  I l.yy, 
DEPLFC1  ion  ;| 

(MODULUS  ==  3.G.X  nr’p  s 01  ///( 
s oo  ■ • | . : : i . t . ..  i ) . 


1 OJ  ■ ■ • 
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PERMALI  IN  TORSION 
ROUND  SECTION 


PERMALI  IN  TORSION 
SQUARE  SECTION 


■TORQUE  V: 


AMGl'LAR 


KMOOULUS*  | ^ V O5  P,  S 


500 

400 


ANGULAR  DL  f\_E.CT  ION  — DE.GREF  S PER  INCH  Of  l F NG  T \ 1 


Although  not  os  commonly  used  as  round  sec- 
tions. there  is  logic  in  the  use  of  Permali  square 
section  shafts.  Greater  torsional  strenglh  is 
obtained  per  dollar  of  cost  and  the  exact  angular 
placement  of  attaching  parts  is  simpliiied. 

The  curves  above  give  the  data  necessary  for  the 
design  of  square  section  shafts.  As  with  round 
Permali  sections,  the  designer  should  not  exceed 
1125  psi  for  static  loading  and  750  psi  for  impact 
loading. 

I'crnnh  • n.iuntt'nnx  and  design  s »,rr*«v  is  freeh 
mailable  far  sjh'eial  problems  reb.lt  / to  spt'cifu 
a twin  at'ons 
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APPENDIX  B 


TYPICAL  FAILURES  OF 
SPLIT-RING  SHEAR  CONNECTORS 
IN  LAMINATED  WOOD  GUSSET  PLATES 
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